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Adrenergic Response to Maximum Exercise of Trained Road 

Cyclists 

by 

Grazyna Janikowska 1 , Aleksandra Kochanska - Dziurowicz 2 , Aleksandra Zebrowska 3 , 

Aleksandra Bijak 4 , Magdalena Kimsa 5 

The aim of this study was to evaluate adrenergic responses in the peripheral blood of trained road cyclists at 
rest, at maximal intensity of incremental bicycle exercise test, and during 15 minutes of recovery, as well as the 
relationship between them. Competitive male road cyclists, in the pre-competitive phase of a season, mean age 21.7 ±6 A 
years, and BMI 20.7 ± 0.8 kg-m-2, performed an incremental test on a bicycle ergometer with unloaded cycling for 5 
min, then increased the load to 40 W every 3 min, up to maximal exercise intensity. The plasma catecholamine 
concentrations (epinephrine, norepinephrine) and oxygen uptake were estimated. The expression of 132 genes related to 
the adrenergic system in leukocytes was measured. A statistically significant increase in plasma epinephrine 
concentration (p < 0.01) was observed in response to exercise. The mean of maximal oxygen uptake was 65.7 ± 5.5 
ml'kg-Tmin-1. The RGS2 gene expression was highest regardless of the test phase for all athletes. The effort had a 
statistically significant influence on ADRB2 and RAB2A expression. In addition, the RAB2A, ADM and HSPB1 
expression level increased during recovery. We can conclude that plasma epinephrine concentration and genes related to 
the adrenergic system such as ADM, ADRB2, CCL3, GPRASP1, HSPB1, RAB2A, RGS2 and ROCK1 seem to have 
an influence on the response to high-intensity exercise in trained cyclists. 

Key words: : epinephrine, microarray analysis, incremental test. 



Introduction 

The effect of exercise on the organism can be 
seen in the adrenergic system in the form of 
increased catecholamine secretion and adrenergic 
receptor level and other related molecules 
(Charkoudian and Rabbitts, 2009; Carlson et al., 
2011). The activation of a variety of signalling 
pathways associated with adrenergic responses 
depends not only on the concentration of agonists 
(epinephrine or norepinephrine), but also on the 
amount of receptors and the relationships between 
them at both the protein and gene levels (Barnes, 
1995). The regulation of the sympathoadrenergic 
system plays an essential role in physiological 



adaptation to exercise (Brownley et al., 2003). Many 
of adaptive responses are mediated by increased 
catecholamine concentrations (Zouhal et al., 2008) 
and modified adrenergic receptor density and 
responsiveness (Brownley et al., 2003). Several 
investigations have suggested that exercise-induced 
upregulation of the (3 - adrenergic receptors and the 
activation of adrenergic system gene expression 
may be an early adaptive response of sympathetic 
nerves to endurance exercise (Antezana et al., 1992). 
Physical training induces changes in the 
distribution of [3 adrenergic receptors in several 
tissues and cell types including the myocardium, 
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adipocytes, and macrophages, which may be 
important in cardiovascular, metabolic, and 
immune adaptation to exercise (Schaller et al., 1999; 
Fuji et al., 1997). Different types of physical activity 
can change the expression of genes, especially those 
involved in ventricular function, vasodilator effects, 
inflammatory response, muscle growth, 
proliferation, and apoptosis (Carlson et al., 2011). It 
has been documented that the expression of genes 
related to the adrenergic system, including [32- 
adrenoceptor (ADRB2), results in cardiopulmonary 
adaptation in both untrained and trained subjects. 
The ADRB2, expressed in the human heart, has 
been shown to increase left ventricular function and 
vascular regulation at rest and during exercise. 
Several studies have indicated than an increase in 
ADRB2 density in the pulmonary lymphocytes may 
improve the pulmonary response to prolonged 
high-intensity exercise (Barnes, 1995; Carlson et al., 
2011; Fujii et al., 1997; Schaller et al., 1999; Fragala et 
al., 2011). 

The above-mentioned findings contribute to 
our understanding of the importance and function 
of the adrenergic response to exercise that may be 
involved in physiological adaptation mechanisms. 
However, there is also evidence that long-term 
exposure of adrenergic receptors to high levels of 
catecholamines, generated during exercise, results 
in down-regulation and desensitization of these 
receptors, which may be a symptom of overload or 
an early phase of overtraining (Barnes, 1995; 
Urhausen et al., 1995). Various types of exercises 
and their intensity can induce changes in blood 
variables such as plasma catecholamine 
concentrations and gene expression. The evaluation 
of the relationships between the gene that encodes 
the ADRB2 and genes that encode other proteins 
might be important for understanding of 
physiological reactions to physical effort. Thus, the 
aim of this study was to evaluate the adrenergic 
responses in the peripheral blood of trained road 
cyclists before and after maximum physical exercise. 
This was done through the determination of the 
relationship between plasma catecholamine 
concentrations and the expression of 132 genes 
related to the adrenergic system in leukocytes. 

Material and Methods 

Subjects 

Competitive male, road cyclists in the pre- 
competitive phase of a season (n=14), mean age 21.7 



± 6.4 years, body mass 63.0 ±1.6 kg, and BMI 20.7 ± 
0,8 kg-nr 2 volunteered to participate in the 
experiment. All of them had been training for 6.2 ± 
2.3 years in the same cycling team. The relative 
intensity and volume of monthly road training 
were 1653 ± 110 km. All athletes underwent medical 
evaluations during the time of the pre-season, 
which included clinical history and a physical 
examination. The experimental procedures and 
possible risks were explained to all participants 
verbally and in writing, and the participants then 
gave informed written consent. The experiment was 
approved by the Ethics Committee of the Medical 
University of Silesia in Katowice 
KNW/0022/KB1/122/I/09 and conformed to the 
standards set by the Declaration of Helsinki. 

Study design 

For three days before the experiment, the 
subjects were on a standardized normocaloric diet 
with 50-60% carbohydrate, 15-20% protein, and 20- 
30% fat (37 kcal-kg 1 ) a day. They were also asked to 
abstain from strenuous exercise. No caffeine, tea, 
alcohol, medication, juices or other products that 
could affect gene expression were permitted during 
the 48 hours before the experiment. On the day of 
exercise testing, the subjects reported to the 
Laboratory after an overnight fast. Blood samples 
were taken in the morning (between 8.00 and 9.00 
am) to avoid the effects of diurnal differences in 
hormone concentrations, from a peripheral catheter 
inserted into the cubital vein. All the athletes 
performed a graded cycle ergometer exercise test 
using an F-Lode Excalibur (USA). The exercise 
started with unloaded cycling for 5 min, then 
increased by 40 W every 3 min, up to maximal 
exercise intensity, while maintaining 60 - 70 rpm. 
The criteria for maximal intensity and test 
termination were a respiratory quotient greater 
than 1.1, a heart rate of 180 beats per minute (bpm), 
and/or physical exhaustion. All subjects performed 
the exercise to individual maximal power output 
(400±40W). 

Oxygen uptake (VO2) was measured continuously 
from the 6th minute prior to exercise and 
throughout each stage of the exercise protocol using 
the Oxycon Apparatus (Jaeger, Germany). 

For the assessment of blood morphological 
variables, epinephrine and norepinephrine 
concentrations and gene expression, venous blood 
samples were collected at rest in a sitting position, 
15 minutes before exercise (Ts), at maximal exercise 
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intensity (Te), and after 15 minutes of recovery (Tr). 

Estimation of blood variables and plasma catecholamine 
concentrations 

Morphologic variables in the whole blood 
of fourteen subjects (n=14) were measured with the 
ABX MICROS 60 (HORIBA ABX SAS) analyzer, 
using standard methods and reagents. 

Epinephrine (E) and norepinephrine (NE) 
were extracted from the plasma of each subject, and 
their concentrations were determined twice using 
the radioimmunoassay method. The KIPL 0100 and 
KIPL 02000 kit by BioSource Europe S.A. was used. 
Radioactivity of the obtained complexes was 
measured using a Wallac Wizard 2470 automatic 
gamma counter. The limits for detection in plasma 
were 0.04 nmol-L- 1 and 0.22 nmol-L- 1 for E and NE, 
respectively. The changes in plasma volume were 
taken into account in the determination of hormone 
concentrations after the exercise. 

Gene expression estimation 

Immediately after the collection of whole 
blood, the leukocytes of all subjects were separated. 
From the obtained leukocytes, the total RNA was 
isolated according to the manufacturer's protocol of 
Invitrogen Life Technologies (USA), using a ready 
to use reagent mixture called TRIZOL®. The 
obtained RNA was purified on RNeasy Mini Kit 
columns from Qiagen (Hilden, Germany). The nine 
HG-U133A microarrays (Affymetrix Inc., USA) 
were analysed. The 8 |ag of pure RNA that were 
isolated were used to synthesize double-strand 
cDNA with a Superscript Choice System from 
Invitrogen Life Technologies (California, USA). The 
synthesis of biotinylated cRNA used the 
BioArrayHighYield RNA Transcript Labeling Kit 
from Enzo Life Science (New York, USA), and the 
fragmentation was carried out using a set of 
reagents from Sample Cleanup Module Qiagen 
Gmbh (Germany). A GeneChip® Expression, 3' - 
Amplification Reagents Hybridization Control Kit 
was used for hybridization of the obtained sample 
with HG-U133A microarray according to the 
protocol of Affymetrix Inc. Manual of Technical 
Gene Expression Analysis (California, USA). 
Microarrays were read immediately after their 
execution procedures using the GeneArray Scanner 
3000 7G (Affymetrix Inc.). Subsequent steps of the 
preparation of RNA, cDNA and cRNA were 
monitored qualitatively by the agarose (1%) 
electrophoresis technique and their quantities by 



using a GeneQuant II spectrophotometer-calculator 
(Pharmacia LKB Biochrom Ltd, Cambridge, UK). A 
preliminary analysis of the results was carried out 
in the Affymetrix Data Mining Tool and 
Micro Array Suite 5.0 software. 

Statistical evaluation 

The Shapiro - Wilk test was used to check 
normality of the data. The obtained mean values 
before and after physical exercise were compared 
using the Student's t-test for dependent variables. 
Differences at p < 0.05 were defined as statistically 
significant. Pearson correlations were calculated for 
all obtained results and regarded as statistically 
significant when r > 0.5 and p < 0.05. The Statistica 
9th software (Statsoft, USA) and Excel 2007 were 
used. 

Results 

Exercise tests carried out in all subjects 
demonstrated significant differences in plasma 
epinephrine concentrations and the expressions of 
the investigated genes at maximal exercise intensity 
(Te) compared to pre-exercise levels (Ts). Significant 
differences in gene expressions were also observed 
between Te and after 15-minute recovery (Tr). The 
baseline (resting) plasma E concentration of 0.40 ± 
0.22 nmol-L' 1 increased significantly after exercise to 
the level of 1.34 ± 0.93 nmol-L 1 (p <0.01). In Tr, the 
mean value of this hormone decreased and was not 
significantly different from its baseline values. No 
significant decrease was observed between the Ts 
(3.61 ± 1.46 nmol-L 1 ) and Te (1.11 ± 0.69 nmol-L 1 ) 
values of norepinephrine concentrations (p > 0.05). 

Statistical analysis of 224 mRNA (132 genes) 
associated with the adrenergic system determined 
based on the HG-U133A Affymetrix microarray 
analysis allowed the identification of eight genes 
that differentiated the particular periods of the 
experiment. Based on linear regression curves (Ts 
vs Te; Te vs Tr; Ts vs Tr) and points outside of 
prediction lines the following eight genes were 
identified: ADM (adrenomedullin), ADRB2 ([3-2 
adrenoceptor), CCL3 (C C motif chemokine 3), 
GPRASP1 (G protein receptor associated sorting 
protein 1), HSPB1 (heat shock protein 27 kDa), 
RAB2A (related to ras oncogene family), RGS2 
(regulator of G-protein signalling 2) and ROCK1 
(Rho combined kinase 1). The mean values and 
standard deviations of their expression (log2) in the 
periods of the experiment are shown in Figure 1. 
The highest expression was for the RGS2 gene, but 



© Editorial Committee of Journal of Human Kinetics 



106 



Adrenergic response to maximum exercise of trained road cyclists 



its levels were not significantly different between 
the examination periods. It was found that only 
ADRB2 and RAB2A gene expression levels 
significantly increased in response to exercise, from 
4.8 ± 0.12 and 4.27 ± 0.26 in Ts, to 5.41 ± 0.26 and 4.8 
± 0.12 in Te (p <0.05), respectively. In Tr the ADRB2 
expression returned to the Ts levels, whereas the 
RAB2A significantly increased in comparison to 
baseline (p <0.02), reaching a value of 5.27 ± 0.33. 
Expression of ADM and HSPB1 significantly 
increased in Tr as compared to expression of these 
genes in Ts (p <0.05). 

The correlations between all the investigated 



blood variables, hormone levels and gene 
expressions at different phases are presented in 
Table 1. Statistically significant correlations between 
the E concentrations and RAB2A or GPRASP1 gene 
expressions as well as between the expressions of 
RAB2A and GPRASP1 were found at rest. The post- 
exercise phase was characterized by positive and 
significant correlations between: ADRB2 and CCL3, 
ADM and GPRASP1, and negative between ADRB2 
and RAB2A. In the recovery period and 
significant positive correlations were found 
between ADRB2 and ADM as well as between 
HSPB1 and ROCK1 expressions (Table 1). 
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Figure 1 

Distinguished genes of adrenergic system related in investigated road cyclist. 
Expression of selected genes in cyclists at rest (Ts), at maximal exercise intensity (Te), 
and during 15 min of recovery (Tr). 
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Table 1 






Relationships between epinephrine concentration and selected genes at rest (Ts), 




at maximal exercise intensity (Te), and during lb min of recovery (Tr). 




Time 




Components 


Regression equation 


Correlation 


p - value 


X 


y 


coefficient, r 






GPRASPl 


y = 2.91 + 2.97x 


0.9999 


0.011 


Ts 


E 


RAB2A 


y = 3.69 + 1.46 x 


0.9999 


0.003 




GPRASP1 


RAB2A 


y = 2.26 + 0.49 x 


0.9999 


0.007 






RAB2A 


y = 7.36 - 0.47 x 


- 0.9983 


0.037 


Te 


ADRB2 


CCL3 


y =-11.66 + 2.77 x 


0.9992 


0.025 




ADM 


GPRASPl 


y = 2.18 + 0.45 x 


0.9999 


0.007 


Tr 


ADRB2 


ADM 


y =- 0.33 + 0.80 x 


0.9983 


0.038 


ROCK1 


HSPB1 


y =-1.96 + 1.23 x 


0.9989 


0.029 





Discussion 

Physical exercise is a signal to release E and 
NE, the main adrenergic system neurotransmitters, 
from the adrenal glands and synapses into the 
bloodstream. Changes in the level of plasma 
catecholamine concentration depend on, among 
others, the duration of exercise, the discipline of the 
sport, and the level of fitness (Jezova et al., 1985; 
Zouhal et al., 2008). In the investigated road cyclists, 
we observed a statistically significant increase in 
plasma E concentration; the values were three and a 
half times higher compared to the baseline. 
Numerous researchers have reported changes in 
plasma E and NE concentrations under the 
influence of exercise, with differences depending on 
training status and the exercise's intensity (Zouhal 
et al., 2008; Jost et al., 1989). We did not observe 
statistically significant differences between plasma 
NE concentrations during exercise and those at rest 
or recovery. These results may indicate that 
circulating catecholamines elevation (E and NE) is 
more likely to be associated with metabolic 
adaptation than exercise-related stress (Urhausen et 
al., 1995 Zouhal et al., 2008). This type of response 
seems to be typical of competitive athletes with 
high VChmax as were those who participated in our 
study. Endurance training also decreases the basal 



plasma NE concentration and NE : E ratio, which is 
associated with the reduced activity and lower [3 
receptor density and higher a-2 receptor sensitivity 
of trained athletes (Jost et al., 1989). Thus, the 
differences in sympathoadrenergic system 
activation and adrenergic receptor gene expression 
might be of key importance for exercise adaptation 
in competitive athletes (Dimsdale and Moss, 1980; 
Zouhal et al., 2008; Fragala et al., 2011). 

Our results demonstrate an exercise- 
induced increase of the heart rate and 
cardiovascular adaptation to exercise probably 
resulting from circulating epinephrine stimulation 
of the [32 adrenergic receptors in investigated 
athletes. These findings confirm previous 
observations that changes in adrenergic receptor 
gene expression, mainly ADRB2, play an essential 
role in adaptations to exercise. In the present study, 
we analyzed 224 mRNA associated with the 
adrenergic system and we found significant 
changes in the expression of 8 genes of the 
adrenergic system in response to exercise. 
Expressions of these genes were different at 
maximal exercise intensity and during 15 minutes 
of recovery. 

The results show a significant RGS2 gene 
expression at rest (Ts), at maximal exercise intensity 
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and during 15 minutes of recovery (Figure 1). 
However, no relationships were found between the 
expression of this gene and the determined 
catecholamine concentrations. The RGS2 protein 
belongs to a family of G-proteins acting as a GTPase 
associated with heterotrimeric Ga subunit 
(Vinayagam, 2011). The hemodynamic studies 
indicate that the RGS2 gene is involved in blood 
pressure regulation by acting on the central 
nervous system (Welch, 2010). In hypertensive 
patients, a reduction in RGS2 mRNA and protein 
level was observed compared with normotensive 
subjects (Semplicini et al., 2006), but hypotensive 
patients (Bartter's/Gitelman's syndrome) showed an 
increase of the RGS2 expression (Calo et al., 2004). 
RGS2 takes part in the regulation of normal 
vascular tone and blood pressure, as observed in 
knockout mice; reduction or abnormal function of 
RGS2 contributes to hypertension (Heximer et al., 
2003). 

Our results demonstrated that maximal 
exercise significantly increased ADRB2 and RAB2A 
expressions compared to resting levels. However, a 
significant decrease of the ADRB2 expression was 
observed 15 minutes after exercise. These findings 
are in line with the studies evidencing an increase 
in ADRB2 density with an exercise duration but 
reduction below baseline levels after exercise (Frey 
et al., 1985). As documented, ADRB2 is important in 
cardiovascular regulation at rest and during 
exercise. Phosphorylation of L-type Ca2+ channels 
via ADRB2 stimulation enhances ventricular 
contraction and diastolic relaxation. This 
mechanism could probably alter cardiovascular 
structure and function in response to endurance 
training. An increasing RAB2A gene expression 
may be associated with signal transduction through 
ADRB2 and/or with the activity of RAB2A as a 
GTPase. Because ADRB2 is connected with E, thus 
activity of RAB2A may also depend on 
neurotransmitter-receptor binding. The expression 
of the RAB2A gene in Ts was correlated with 
baseline plasma E concentrations (Table 1). RAB2A 
regulates the transport from the endoplasmic 
reticulum and Golgi apparatus to the cell surface 
via the ADRB2 (Wang and Wu, 2012), which might 
indicate some effect of E concentration on this 
process. In our study, the effect of E and its receptor 
was confirmed by a statistically significant 
correlation between E and RAB2A as well as 
ADRB2 and RAB2A. However, these correlations 



do not exclude the participation of RAB2A in the 
regulation of reverse transport. In our study, a 
relationship was found between E and GPRASP1 
(GASP-1) or RAB2A gene expressions in Ts, as well 
as between RAB2A and GPRASP1. The GPRASP1 
gene encodes for a protein belonging to the family 
of G protein-coupling receptors, which may 
modulate lysosomal sorting and functional down- 
regulation of variety of G-protein coupled receptors. 
It has been shown that strength training causes the 
reduction of myostatin gene expression in blood 
and affects the increased expression of GASP-1 
(Laurentino et al., 2012). 

We observed a significant negative 
correlation between the ADRB2 and RAB2A 
expression, as well as positive correlation between 
ADRB2 and CCL3 at maximal exercise intensity 
(Table 1). These findings may suggest changes in 
the RAB2A and CCL3 expression, which are closely 
associated with [32 receptors stimulation. The 
ADRB2 and RAB2A expression during exercise has 
a beneficial effect on the cardiovascular response to 
exercise (Fragala et al., 2011). Genes involved in 
inflammatory processes such as CCL3,GPRASP1, 
and HSPB1 were significantly stimulated after a 
maximal exercise test (Tr). Our study participants 
exhibited a positive correlation between ADM and 
GPRASP1 at maximal exercise intensity. Our results 
may suggest that exercise-induced skeletal muscle 
contraction, damage of muscle cell membranes, and 
increased inflammatory processes all affect CCL3 
expression. Significant positive correlation between 
ADRB2 and ADM expressions and between ROCK1 
and HSPB1 during a post-exercise recovery process 
seems to confirm the protective effect of the 
adrenergic system on the cardiovascular function 
(Yahiaoui et al., 2008). The ADM gene encodes a 
vasoregulatory protein which controls vascular 
tone and enhances myocardial contractility (Seissler, 
2012). The tendency of a lower ADM expression 
during exercise and higher during 15 minutes of 
recovery, respectively might reflect low vascular 
resistance during endurance training. 

Expression of the HSPB1 gene 
significantly increased during recovery (Tr). This 
main function of HSPB1 is to provide 
cytoprotection and support cell survival under 
stress conditions (Edwards et al., 2012). It has been 
observed that HSPB1 increases in healthy 
individuals (Tavallaie et al., 2012). This gene 
(HSPB1) encodes for a small protein involved in the 
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regulation of many intracellular processes. Its 
functions and relationships in the cell and 
importance in physiology are well-established 
(Mymrikov et al., 2011). The presence of this gene 
and protein in circulation occurs in response to 
intense and exhaustive physical effort (Periard et al., 
2012). 

In Tr, we revealed positive and significant 
correlations between ADRB2 and ADM as well as 
ROCK1 and HSPB1 expressions (Table 1). The 
altered ROCK1 expression was observed in the 
cardiovascular system and in muscles. It plays an 
important role in the regulation of cytokine, 
adhesion and aggregation of platelets and 
lymphocytes by converting an inactive form of GDP 
to the active GTP (Loirand et al., 2013). Among the 
estimated neurotransmitters (E and NE) in the 
leukocytes of trained road cyclists, we stated that 
only E had an effect on the transcriptional activity 
of adrenergic system genes in Ts, which probably 
stimulates transcription of RAB2A and GPRASP1. 
Exercise activated a [32-adrenergic receptor gene, 
which negatively correlated with RAB2A and 
positively with CCL3. Furthermore, it activated a 
gene encoding an adrenomedullin (ADM) which 
also correlated with GPRASP1 in Te. In Tr, the 
ADRB2 was still active and correlated with ADM, 
as well as ROCK1 with HSPB1. Increased secretion 



of catecholamine initiates the "fight-or-flight" 
response, in which the obtained molecules are 
involved, but in our results, we only observed the 
"fight" hormone. All of these genes are associated 
with the response of body muscles, blood pressure, 
heart function, the biochemistry of G protein- 
coupled receptors and their effect, as well as 
numerous signalling pathways associated with 
them. It is possible that the changed expression of 
these genes is not just a compensation for elevated 
blood pressure and prevention of heart failure, as 
Krzeminski et al. (2006) stated. In addition, we can 
suggest that the determined genes play an 
important role in the mechanism of adrenergic 
response on beneficial changes in cardiovascular 
function due to maximum exercise in competitive 
cyclists. 
Conclusion 

Differences in genes expression during 
maximal intensity exercise and a post-exercise 
recovery period indicate that the adrenergic 
response to physical effort varies depending on the 
investigation stage. It seems that the stimulation of 
immune and resistance processes is more 
characteristic of maximal intensity exercise phases 
while the postexercise recovery period is associated 
with the expression of those genes that exert 
protective effects on the cardiovascular system. 



Acknowledgement 

We are grateful to all road cyclists who participated in this study. This work was supported by a grant of 
Medical University of Silesia, No. KNW-1-009/K/3/0; KNW-1-009/D/2/0; KNW-1-013/N/3/0. 

References 

Antezana A, Richalet J, Antezana G, Spielvogel H, Kacimi R. Adrenergic system in high altitude residents. 
Int J Sports Med, 1992; 13: S96 - S100 

Barnes P. Beta - adrenergic receptors and their regulation. Am J Respir Crit Care Med, 1995; 152: 838 - 860 

Brownley KA, Hinderliter AL, West SG, Girdler SS, Sherwood A, Light KC. Sympathoadrenergic 
mechanisms in reduced hemodynamic stress responses after exercise. Med Sci Sports Exerc, 2003; 35: 
978 - 986 

Calo L, Pagnin E, Davis P, Sartori M, Ceolotto G, Pessina A, Semplicini A. Increased Expression of Regulator 
of G Protein Signaling - 2 (RGS - 2) in Bartter's/Gitelman's Syndrome. A Role in the Control of 
Vascular Tone and Implication for Hypertension. / Clin Endocrinol Metab, 2004: 89: 4153 - 4157 

Carlson L, Tighe S, Kenefick R, Dragon J, Westcott N, LeClair R. Changes in transcriptional output of human 
peripheral blood mononuclear cells following resistance exercise. Eur ] Appl Physiol, 2011; 111: 2919 - 
2929 

Charkoudian N, Rabbitts J. Sympathetic neural mechanisms in human cardiovascular health and disease. 
Mayo Clin Proc, 2009; 84: 822 - 830 



© Editorial Committee of Journal of Human Kinetics 



110 



Adrenergic response to maximum exercise of trained road cyclists 



Cotecchia S. The al - adrenergic receptors: diversity of signaling networks and regulation. / Recept Signal 
Transduct Res, 2010; 30: 410 - 419 

Dimsdale J, Moss J. Plasma catecholamines in stress and exercise. JAMA, 1980; 243: 340 - 342 

Edwards H, Scott J, Baillie G. PKA phosphorylation of the small heat - shock protein Hsp20 enhances its 
cardioprotective effects. Biochem Soc Trans, 2012; 40: 210 - 214 

Fragala M, Kraemer W, Mastro A, Denegar C, Volek J, Hakkinen K, Anderson J, Lee E, Maresh C. Leukocyte 
[3 - 2 - adrenergic receptor expression in response to resistance exercise. Med Sci Sport Exerc, 2011; 43: 
1422 - 1432 

Fujii N, Shibata T, Homma S, Ikegami H, Murakami K, Miyazaki H. Exercise - induced changes in the [3 - 
adrenergic - receptor mRNA level measured by competitive RT - PCR. / Appl Physiol, 1997; 82: 1926 - 
1931 

Gyires K, Zadori Z, Torok T, Matyus P. al - adrenoceptor subtypes - mediated physiological, 
pharmacological actions. Neurochem Int, 2009; 55: 447 - 453 

Heximer S, Knutsen R, Sun X, Kaltenbronn K, Rhee M, Peng N, Oliveira - dos - Santos A, Penninger J, 
Muslin A, Steinberg T, Wyss J, Mecham R, Blumer K. Hypertension and prolonged vasoconstrictor 
signaling in RGS2 - deficient mice. / Clin Invest, 2003; 111: 445 - 452 

Jost J, Weifi M, Weicker H. Comparison of sympatho - adrenergic regulation at rest and of the adrenoceptor 
system in swimmers, long - distance runners, weight lifters, wrestlers and untrained men. Eur J Appl 
Physiol Occup Physiol, 1989; 58: 596 - 604 

Krzeminski A, Mikulski T, Nazar K. Effect of prolonged dynamic exercise on plasma adrenomedullin 
concentration in healthy young men. / Physiol Pharmacol, 2006; 57: 571 - 581 

Laurentino G, Ugrinowitsch C, Roschel H, Aoki M, Soares A, Neves M, Aihara A, Fernandes A, Tricoli V. 
Strength training with blood flow restriction diminishes myostatin gene expression. Med Sci Sports 
Exerc, 2012; 44: 406 - 412 

Loirand G, Guerin P, Pacaud P. Rho kinases in cardiovascular physiology and pathology. Circulation Res, 
2006;98:322-334 

Mymrikov E, Seit - Nebi A, Gusev N. Large potentials of small heat shock proteins. Physiol Rev, 2011; 91: 
1123 - 1159 

Periard J, Ruell P, Caillaud C, Thompson M. Plasma Hsp72 (HSPA1A) and Hsp27 (HSPB1) expression under 
heat stress: influence of exercise intensity. Cell Stress Chaperones, 2012; 17: 375 - 383 

Schaller K, Mechau D, Scharmann H, Weiss M, Baum M, Liesen H. Increased training load and the [3 - 
adrenergic - receptor system in human lymphocytes. / Appl Physiol, 1999; 87: 317 - 324 

Seissler J. Vasoregulatory peptides pro - endothelin - 1 and pro - adrenomedullin are associated with 
metabolic syndrome in the population - based KORA F4 study. Eur J Endocrinol, 2012; 167: 847 - 853 

Semplicini A, Lenzini L, Sartori M, Papparella I, Calo L, Pagnin E, Strapazzon G, Benna C, Costa R, Avogaro 
A, Ceolotto G, Pessina A. Reduced expression of regulator of G - protein signaling 2 (RGS2) in 
hypertensive patients increases calcium mobilization and ERK1/2 phosphorylation induced by 
angiotensin II. / Hypertens, 2006; 24: 1115 - 1124 

Surma M, Wei L, Shi J. Rho kinase as a therapeutic target in cardiovascular disease. Future Cardiol, 2011; 7: 
657 - 671 

Tavallaie S, Rahsepar A, Abdi H, Moohebati M, Moodi F, Pourghadamyari H, Esmaily H, Khorashadizadeh 
F, Ghayour - Mobarhan M, Ferns G. Association between indices of body mass and antibody titers to 
heat - shock protein - 27 in healthy subjects. Clin Biochem, 2012; 45: 144 - 147 

Urhausen A, Gabriel H, Kindermann W. Blood hormones as markers of training stress and overtraining. 
Sports Med, 1995; 20: 251 - 276 



Journal of Human Kinetics volume 40/2014 



http://www.johk.pl 



by Janikowska G. et at. 



Ill 



Vinayagam A. A directed protein interaction network for investigating intracellular signal transduction. Sci 
Signal 2011; 4: rs8 

Wang G, Wu G. Small GTPase regulation of GPCR anterograde trafficking. Trends Pharmacol Sci 2012; 33: 28 
-34 

Welch W. RGS2 proteins regulate blood pressure. / Am Soc Nephrol 2010; 21: 1809 - 1810 

Yahiaoui L, Gvozdic D, Danialou G, Mack M, Petrof P. CC family chemokines directly regulate myoblast 
responses to skeletal muscle injury. / Physiol 2008; 586: 3991 - 4004 

Zouhal H, Jacobs Ch, Delamarche P, Gratas - Delamarche A. Catecholamines and the effects of exercise, 
training and gender. Sports Med, 2008; 38: 401 - 423 



Corresponding author: 

Aleksandra Kochanska - Dziurowicz 

Department of Radioisotope Diagnostic and Radiopharmaceuticals, Medical University of Silesia, 

41-200 Sosnowiec, Jagiellohska 4 

Phone: 32 3641591 

E-mail: akochanska@sum.edu.pl 



© Editorial Committee of Journal of Human Kinetics 



